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Abstract— The possibility of building a microwave power 
amplifier (PA) behavioral model based on the look-up table 
principle is investigated. The model so constructed avoids the 
difficulties in model structure selection and/or its parameter 
estimation. 
I.  INTRODUCTION  
There has been considerable interest as of late in 
behavioral modeling of microwave PAs. PA behavioral 
models can be either static or dynamic. A static behavioral 
model assumes that a PA functions as a quasi memory-less 
input to output mapping, and is directly built from the gain 
compression (AM/AM) and amplitude-phase distortion 
(AM/PM) data of the PA. For this reason the static model is 
equivalently called the AM/AM AM/PM model.  
In many cases, however, the quasi memory-less assumption 
is not valid and a dynamic model is preferred. Dynamic 
models are of special interest in the performance simulation of 
mobile communication systems, where the long-term memory 
effects in PA are usually evident.  
The paradigm of building a dynamic behavioral model is 
basically a two-step procedure. Step one assumes a predefined 
model structure; step two estimates the parameters of this 
structure, typically using optimization. Such model structures 
are (equivalent to) specific combinations of linear time-
invariant filters and static nonlinearities.   
Being more general, a dynamic model is also more costly 
and less robust than its static counterpart. On the one hand, if 
ad hoc assumptions are made, then the generality of the model 
is not guaranteed; on the other hand, a model with universal 
approximation capability tends to suffer problems in the 
parameter extraction procedure [1]. 
The building of a dynamic model is closely related to a 
specific method of PA behavior characterization. The most 
widely applied one is the swept two-tone measurement [2]-[6]. 
Time domain characterization methods, though (possibly) less 
popular and less systematic, are also reported [7]-[10].  
In this paper we investigate the possibility of building a 
dynamic PA behavioral model based on a look-up table 
principle, seeking to avoid the time-and-knowledge intensive 
tasks involved in identifying an appropriate model structure 
and/or estimating its parameters. We assume for the moment 
that there is no PM to AM distortion for the device-under-test 
(DUT), in order to simplify the validation of the modeling 
principle itself. In practice, if the PM to AM conversion of the 
DUT needs to be included, the model can be implemented by 
substituting the 2-D table with a 3-D table (though this 
generalization may require some efforts).  
II. CHARACTERIZATION OF LONG TERM MEMORY EFFECTS  
A. Formal Description  
The input-output map of a PA can be formulated as: 
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where ( )x t?  and ( )y t?  are the low-pass equivalent complex 
input and output signals, respectively. 
Let T T( ) ( ) ( ) jconstx t x t A t e= =? ?  be a triangle envelope 
signal of period T , while T ( )A t is shown in Fig.1, and denote 
the corresponding output signal as T ( )y t? , we have from (1) 
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under the condition that the measurements are made along the 
ascending edge of T ( )A t  at time points it  (1 i p≤ ≤ ) and 
0ttim −<τ  ( mτ is the memory period length of the DUT), 
because  
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where 1, 2,..., , 2,...,i p k n= = . The amplitude of T ( )A t  
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Fig. 1.  A triangle envelope signal with period T 
 
Fig. 2. 2-D Look-up table model schematic for IMD3 simulation 
is allowed to be negative (see fig.1), so its phase keeps 
constant and (5) is satisfied, even when T ( )A t changes 
polarity. If mi tt τ<− 0 , then (4) will no longer be satisfied 
for higher order derivatives and this in turn will lead to 
invalidation of (2). 
    Define                    
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Comparing (6) with (2), it is easy to see that T ( )AMG A  and 
T ( )PM AΦ  are actually 
T T( ( ) / ( ))i iAbs y t x t? ?  and 
T T( ( ) / ( ))i iPhase y t x t? ? , respectively, for T ( )iA A t=  and 
0ttim −<τ . As T  approaches ∞ , 
T ( )AMG A  and 
T ( )PM AΦ  with A  as a swept parameter will approach the 
static AM/AM and AM/PM characteristics, and are, hereafter, 
denoted as ( )AMG A
∞ and ( )PM A
∞Φ . Consequently, 
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If the DUT has non-negligible memory effects, we expect 
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for T ≠ ∞ . For this reason T ( )AMG A  and 
T ( )PM AΦ  with 
double variable parameters A  and T are a generalization of 
( )AMG A
∞  and ( )PM A
∞Φ , and they offer a better 
characterization of the DUT when long-term memory effects 
are present.  
B. Examples  
The simulated T ( )AMG A  and 
T ( )PM AΦ  of a single stage 
BJT amplifier at 890.2 MHz and a single stage LDMOS 
amplifier at 850MHz will be shown in section IV, together 
with the model validation data.  
III.  2-D LOOK-UP TABLE BEHAVIORAL MODEL 
Fig.2 shows the schematic of a 2-D look-up table model 
for approximating a behavioral model as (9). Please note (9) 
assumes no PM to AM distortion. When this assumption is 
not satisfied, ( )tϕ is equally important as ( )A t  and the 
model expands from 2-D to 3-D tables.  
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Denote the (i, j)th entry of the (2 1)p q× +R  AM/AM and 
AM/PM matrix as ,
AM
i jm  and ,
PM
i jm  respectively. For 
illustrative convenience, we define  
1 i p≤ ≤    and    q j q− ≤ ≤ , 
,
AM
i jm and ,
PM
i jm are then given by (10)-(15) 
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   where  
1 1, 2,...,j j q+ = − × − = ,  
1 10 T T .... Tq q−< < < < , 
max 1 2 maxA ... ApA A A− ≤ ≤ ≤ ≤ ≤ . 
The determination of the row and column indexes is 
straightforward. 
IV. MODEL VALIDATION  
A. The single stage BJT amplifier  
The T ( )AMG A  and 
T ( )PM AΦ  of this amplifier are shown 
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in Fig.3 and Fig.4. 
IMD3 simulation results using different methods are shown 
in Fig.5. In Fig.6 the ACPR results are compared, for an 
EDGE signal stimulus, with a symbol rate of 270.833 KHz 
and 16 samples per symbol. In total 3072 symbols are 
simulated.  
B. The single stage LDMOS amplifier  
The T ( )AMG A  and 
T ( )PM AΦ  of this amplifier are shown 
in Fig.7 and Fig.8. 
Fig.9 shows the simulated IMD3 results. Fig.10 shows 
simulated phase responses for a multi-tone input in the time 
domain. The difference between the amplitude responses is 
not so large and is therefore omitted here.  
 
In both cases, the following phenomena are observed which 
are attributed to long-term memory effects, 
1) The shape of T ( )AMG A  and of 
T ( )PM AΦ  diverge from 
those of ( )AMG A
∞  and ( )PM A
∞Φ  gradually as T decreases; 
2) The twist (either up or down) of the left tails of T ( )AMG A  
and T ( )PM AΦ  ( T ≠ ∞ ) grows as T  decreases (the twist is 
on the left side since the observations are made on the 
ascending instead of the descending slope of the triangular 
envelope);  
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V. CONCLUSION  
For the first time to our best knowledge, the possibility of 
modeling the dynamic behavior of microwave PAs employing 
a look-up table principle is demonstrated here. The model as 
built is a natural extension of the quasi-memoryless AM/AM 
AM/PM model, and promises to avoid the difficulties 
associated with traditional modeling approaches. 
 
  
Fig. 3.  Simulated )(AGTAM of a BJT amplifier 
 
Fig. 4. Simulated  
T ( )PM AΦ of a BJT amplifier 
 
Fig. 5. Simulated IMD3 versus Pin and tone spacing 
 
Fig. 6. Simulated ACPR (EDGE stimuli) versus Pin 
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 Fig. 7. Simulated  
T ( )AMG A of a LDMOS amplifier 
 
Fig. 8. Simulated 
T ( )PM AΦ of a LDMOS amplifier 
 
Fig. 9. Simulated IMD3 versus Pin and tone spacing 
 
Fig. 10. Simulated phase responses under multi-tone stimuli 
(a) multi-tone input  (b) circuit envelope simulation results  
(c) 2D look-up table model results  (d) AM/PM model results 
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